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Abstract
To supplement the work reported by the senior author in Bulletin
290 of the Utah Agricultural Experiment Station, the writer~ have

visited the phosphate outcrops in Weber, Morgan and Salt La~~ Counties, as well as those in the Park City District of Summit County and
others west of Midway in Wasatch County. These areas were found
to contain considerable phosphatic shale of 25 to 35 percent grade, but
no rock of 40 percent grade, the minimum quality included in the estimates in Bulletin 290. However, the data recorded for the sections
visited are valuable in showing the leanness of these areas, which
because of their proximity to the industrial centers of the state, have
often been suggested for early development. It seems in this case almost as important to tabulate the value of a resource of debated quantity and quality as to discover a new one.
On the basis of these results the tables from Bulletin 290 setting
forth Utah's reserve of phosphate by areas, by counties and by quality
of rock are revised and restated.
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THE PHOSPHATE RESERVES OF UTAH
A Revised Estimate
by
J. STEWART WILLIAMS
ALVIN M. HANSONI
Introduction

I

N 1939 the senior author attempted an estimate of the phosphate
reserves of Utah, which was published as Bulletin 290 of the Utah

Agricultural Experiment Station (9). In the summary of tonnage estimates by areas given in this bulletin, the nature of the estimate for
each area was evaluated, and listed as "satisfactory," "fairly satisfactory" or "first approximation only." For four of the areas of known
phosphate outcrop there was no basis for an estimate.
The areas for which there was not a satisfactory estimate in 1939
were those in Weber, Morgan, Salt Lake, Wasatch, Utah and the western part of Summit Counties. Realizing the desirability of completing
the estimate of Utah's phosphate reserve, the authors in 1941 visited
all these areas, except those in Utah County, measuring and sa·.tnpling
the phosphate beds. The samples were analyzed by the Division of
Soil and Fertilizer Investigations, Bureau of Plant Industry, U. S.
Department of Agriculture. It would have been desirable to have examined the area in Utah and Wasatch Counties between the Right
Fork of Hobble Creek and Round Valley, where some outcrops of the
phosphate-bearing formation may occur, but this was not possible, and
the final total estimate must still include an unknown quantity, although
it must be small.
As predicted in Bulletin 290, the new data alter the total figures
for the state but little, because the areas not satisfactorily estimated
in 1939 were those in which the phosphate beds were known to be lean.
In fact, addition of the new information to the summary decreases the
total, since the preliminary estimates for Salt Lake and Wasatch Counties were too high. But it has been worthwhile examining these leaner
areas, to provide accurate information on their phosphate content, once
and for all, and to quiet the constantly recurring hope that rich deposits had previously been overlooked.
High grade phosphate rock has a phosphate content, computed as
tricalcium phosphate, of about 70 percent. In th e 1939 estimates
rock as low as 40 percent in tricalcium phosphate was included. As a
glance at the summary of analyses will show, no sample collected
IProfessor geology and rese~rch assistant, respectively.
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during this study ran above 85 percent. The question then arises
whether it is desirable at this time to include in the estimate of reserves any rock below 40 percent. The writers think not, because it
may be a long time before rock of even 40 percent quality has any
commercial valu'e. Thus it is that nothing is added to the totals previously given, and that some preliminary estimates in Bulletin 290 are
r educed. If, however, it ever becomes desirable to estimate the state's
r eser ve of rock below 40 p ercent grade, the figur es in these papers will
be available for such calculations .
As a basis for classifying phosphate lands, the U. S. G eological
Survey has set up the following d efinitions ( 5, p. 215) :
'
"Lands underlain by beds of phosphates less than 1 foot in thickn ess or containing less than 80 p ercent tricalcium phosphate or lying
at a depth greater than 5,000 feet below th e surface shall be consider ed
nonphosphate lands, except as h ereinafter provided .
"A. Lands underlain by beds of phosphate 6 feet or more in thi ckn ess and containing 70 p ercent or more of calculated tricalcium phosphate shall be consider ed phosphate lands if th e beds do not lie more
than 5pOO feet below the surface. The depth limit for bed s containing
70 p ercent of calculated tri calcium phosphate shall vary from 0 to
5,000 feet in direct ratio to the variation of thickn ess of bed from ' 1
foot to 6 feet. For beds containing less than 70 p er cent tri cal cium
phosphate the depth limit shall vary from 0 to the depth of a 70 p ercent bed of any given thickness in direct ratio to t he variation in tricalcium phosphate content from 8 0 to 70 p ercent ...
"D . Where the phosphate bed occurs at or n ear th e s urface so
that the deposits may be r eadily mined by open-cut or stripping methods,
the minimum thickness of a phosphate bed containing 70 p ercent or
more of tricalcium phosphate shall be 8 inches . For beds containing
less than 70 p ercent tricalcium phosphate the minimum thickness shall
increase to 1 foot as the p ercentage of tricalcium phosphate decr eases
from 70 to 80 p er cent, "
These definition s of " minable depth" form th e basis for computing
the tonnage figur es given in Bulletin 290, and the " minable depth " is
gi ven in this pap er for all beds richer than 80 p er cent and of thi ckn ess sufficient to make that value a considerabl e quantity, although no
rock quantiti es are cal culated.

Rich County

F

OLLOWING Gale and Richard's paper (4" p. 522- 526 ) in which
the phosphate deposits in Old Laketown Canyon were described,
both Ri chardson (7) and :Mansfield ( 5, p. 209 ) pointed out that the
structure across this canyon is a homocline, rather than an anticline, and
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that the lower phosphate bed in the canyon is the basal member of the
Brazer formation , rather than being the phosphatic shale member of
the Phosphoria formation r ep eated in the west limb of an anticline. 2
A report of Richardson's work on the g eology and mineral resources
of the Randolph quadrangle (which includes the northern half of Rich
County ) has been publish ed r ecently . H ere it is stated (8, p. 47-48 )
that shallow pits dug in 1907 in th e basal member of the Brazer formation, on the north side of the canyon, showed a 2-foot bed of high grade
phosphate rock, which a veraged 36.6 percent P 2 0 5 or 80 p ercent Ca3
(P0 4 ) 2, and 40 feet of material which averaged 13 .7 percent of P 2 0 5
or 30 p ercent Ca3 (P0 4) 2. Neither Gale and Richards in 1910 nor
Richardson in his recent paper has .given a tonnage figure based on
these data, and since they seem high to th e writers, both for thickness
and quality, and would in any case add but little to the totals (the
line of outcrop of the Brazer formation here being s hort ), no such
calculation is attempted by them.
In making their 90,000,000-ton estimate for the phosphate reserve
in the Crawford Mountains, Gale and Richards (4., p. 521 -522) assumed a depth of 2,000 feet along a linear outcrop 113,000 fe et or
21.4 miles long for a 5-foot bed of 70 p ercent rock. This length is the
total length of outcrop of the phosphatic shale member in the area,
including the southern exten sion into townships 9 and 10 north. Actually the phosphate bed has thinned to about 1 foot in SEl,4 sec. 13 and
in NEl,4 sec. 23, TI0N R7E , and probably also has decreased somewhat in quality . Farther south in sec. 36 of this township, and in sec. 1
of T9N R7E , it i extremely difficult to find even a small frag ment
of oolite float, and the bed apparently has almost disapp eared.
A better estimate can b e made on the following assumptions : north
of lower Brazer Canyon on the west limb of the syncline, and th e Otto
claim on the east limb, th er e are approximately 8.0 miles of outcrop.
For this part of the syn cline th e writers estimate that the depth down
the limb, assuming some flattening at the bottom of the fold, is about
2,000 feet at Brazer Canyon and 700 feet at the north end n ear the
Mandan and Arikaree mines . The average of these, assuming a 5-foot
bed, gives 23,760,000 long tons.
South of lower Brazer Canyon on the west and the Otto claim on
the east there are about 5.0 miles of outcrop southward to R ex P eak,
not including that across the end of th e syncline. The distance between
outcrops across the syncline is about 1 mile, and we shall ass ume that
2The senior author overlooked these later statements when writing Bulletin 290,
and thus repeated an incorrect interpretation of the geology of this area. He has
since visited the canyon to 'confirm the observations of Richardson and Mansfi eld,
and takes this opportunity to correct his earlier paper.

8

UTAH EXPERIMENT STATION BULLETIN NO. 304

the 5-foot bed may be followed down-dip on each limb to a depth of
3,000 feet. This gives a tonnage for the syncline south of Brazer Canyon of 31,820,000.
If the small area in sec. 36, TIl N R 7E , is underlain by 5 feet of
high grade rock, it would add approximately 1,000,000 tons to the
total, but the writers have no information on the quality or thickness
of the phosphate bed here, except that the area is covered with patented
claims. The writers have no information on the thickness or quality
of the rock in the outcrop that curves through sections 1, 11 and 12 of
TI0N R7E, but the deposits there must be considerable, since they
also are covered by patented claims. However, the thickness probably
does not reach 5 feet, and may be much less than that, in view of the
thinness of the phosphate bed in sec. 13 of this township. To estimate
this outcrop, the writers will assume a thickness of 3 feet. The l ength
of outcrop is 2.3 miles. The "minable depth" of a 3-foot bed of 70
percent rock is 2,000 feet, but that distance could not be projected
from all points on the outcrop, without overlapping, because of the
synclinal structure of the area. Assuming an average available depth
of 1,000 feet, this area would hold a reserve of 2,928,000 long tons.
Farther south through township 10 north to the end of the mountains in township 9 north, the writers were unable to find a phosphate
bed that exceeded 1 foot in thiclmess, so that these areas add nothing
to the total.
The total arrived at as explained is 60,000,000 long tons. While
this is a rough estimate, it is believed to be much closer to the actual
tonnage of the reserve than the figure given by Gale and Richards.

Weber County
Dry Bread Hollow

T

HE outcrop of the Phosphoria formation here considered lies mostly in sec. 12, T7N R3E SLB & M, along the west wall of a small
canyon tributary to the south fork of the Ogden River (see fig. 1). The
beds strike N 55° E and dip 17° to the NW. Up-canyon the outcrop
of the phosphatic shale member disappears beneath the slope wash
accumulated in the bottom of the canyon. About one-eighth mile farther up the Palezoic rocks are covered by the Wasatch formation.
Down-canyon th e outcrop of this member rises in the canyon wall until
it leaves the canyon along the side of a small tributary, to disappear
in a short distance toward the west under the cover of Wasatch formation. The phosphatic shale member is perhaps present on the east side
of the canyon, but it cannot be readily observed there because of a
thick cover of mantle and vegetation.
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The section was measured, spot samples being taken from the richest
looking beds, with the following results:
Section of the phosphatic shale member of the Phosphoria formation
in Dry Bread Hollow
Sec. 12 T7N R3E SLB & M
Strike N 55° E, Dip 17° NW
U.S.A.C. locality no. 134
Designation
of bed

J

H
G

F
E
D

C
B
A

Thickness
ft.
in.

Description
Mostly covered, but some
black chert, some fuscous
black siltstone and some
black paper shale __________________
Black phosphatic shale with
some beds of fuscous black
siltstone. Sample is from base
of this unit, in weathered
zone __________________________________________
Fuscous siltstone and shale__
Fuscous black siltstone__________
Black paper shale __________________
Brownish black phosphatic
shale and siltstone ________________
Covered.
Probably black
shale _____________________________ ___________
Black phosphatic shale__________
Covered.
Probably black
shale ________________________________________
Dark gray fine-grained sandstone, beige brown sandy
shale. Some black cherL_____
Mostly covered, but showing
black shale and beige brown
siltstone ____________________________________

14

5

12
4
1
5

10

2

5

18
3

5

8

o

9

7

21

7

TotaL _________ 101

7

o

P20S Caa(P0 4)2
(Moisture-free
basis)

2.54

5.56

5.69

12.43

5.82

12.71

Minable
depth
feet

7
7

2

Small fragments of oolite in the float across the section indicate
the presence of a few thin lenses or stringers of better rock that were
not discovered in taking samples, but it is certain that this area of
outcrop contains nothing of value.

Sheepherd Valley
The small valley that bears this name lies southeast of Huntsville,
mostly in secs. 34 and 35 T6N R2E SLB & M , along a tributary to
the south fork of the Ogden River (see fig. 1). In 1910 Blackwelder
(1, p. 547) wrote confidently of the presence in the area of both the
Brazer and Phosphoria phosphatic members. He reported that both
were covered, but gave analyses of sorted fragments of float that showed
high percentages of tricalcium phosphate.
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Fig. 1. Phosphate outcrops in Weber and Mor gan counties

In the last few years A . J . Eardley has prepared a g eologic map
soon to be published of a wide section between Og den on the northwest
and Coalville on the southeast, that includes Sheepherd Valley . It
shows that the valley is crossed roughly north-south , b y outcrops of
the normal succession of D evonian and older beds, follow ed by the
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Madison and Brazer formations. The Weber and Phosphoria formations, presumably present farther east, are obscured by the Wasatch
formation. On the writers' visit to the valley they were able to check
Eardley's map. They searched diligently along the Madison-Brazer
contact for the basal phosphatic shale member of the Brazer, but without success. One piece of chert found in the float appeared phosphatic,
and may well have been one of the same t ype of fragments collected
and analyzed by Blackwelder. But such isolated fragments as this,
although phosphatic, most certainly are not indicative of the presence
of beds of phosphate rock. The Phosphoria formation does not crop
out here, and Sheepherd valley is not a phosphate area.
Summary for Weber County
There are no phosphate deposits of any importance in Weber
County . The phosphatic shale member of the Phosphoria formation
which bears in other areas the great r eser ves of the Western Field, is
ver y lean at its only outcrop in this county . The basal phosphatic
shale member of the Brazel' formation is not developed at the outcrop
in Sheepherd Valley . At other localities, such as in lower Ogden Canyon just below the Pine View dam, and east of Dry Bread Hollow, as
reported by Blackwelder, if present at all, it must be thin and lean,
with quality substantially lower than the Brazer deposits of the Bear
River Range, described in Bulletin 290 for Cache County.

Morgan County
Weber Canyon

T

HE only outcrops of the Brazel' and Phosphoria formations in Morgan County are in vVeber Canyon between the town of Morgan and
a point above the upper narrows at the old Robison Ranch. The outcrop of the Brazer formation crosses the canyon just above the town,
between its eastern limit and Round Valley. The basal phosphatic
member is not developed her e, and there are no signs of phosphate rock.
The outcrop of the Phosphoria formation crosses at the upper end of
the narrows, wher e the valley of the W eber River begins again to
widen out ( see fig. 1) . On the flats south of the river at this point is
the site of th e old Robison Ranch. Phosphate prospects have been
opened on both sides of the river at thi s place. "\Vhen Blackwelder in
1910 wrote of these outcrops, he reported (1, p. 545-546) a 13-foot
bed averaging 46.1 p ercent tricalcium phosphate, a 10-foot bed aver~3'in g ,3 9.2 .p ercent , tric~lcium phosphate, and 60 feet of leaner beds
;v~r yi:tig ' in g rade -between 8.8 and 21.9 p ercent. In view of the low-
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grade appearance of these outcrops, it seemed highly desirable to
-check these results.
The writers found three phosphatic members in the Park City 3
formation at this locality, a lower 8-foot bed of phosphatic shale and
siltstone, a I-foot bed of oolite 540 feet higher in the section, and a
42-foot bed of sandstone, siltstone, shale and oolite, mostly phosphatic,
35 feet above- the I-foot bed. The intervening thicknesses were barren
sandstones and limestones. The upper member corresponds to the phosphatic shale member at other localities, i.e. it is the phosphatic shale
member of the Phosphoria formation.
The upper member was sampled in a pit on the north side of the
canyon about 50 feet vertically above the highway. The other two
phosphate members were uncovered on the south side, about the same
height above river level. Following is a composite section made up of
the measurements and samples taken on both sides of the river.
Composite section of the phosphatic beds of the Park City formation
in Weber Canyon
S~ sec. 23 and N~ sec. 26, T4N R3E SLB & M
Strike N 10° E, Dip 45° E
U.S.A.C. locality no. 21
Designation
of bed

Description

Thickness
ft.
in.

North side canyon
Covered slope.
Probably
mostly shale, but no indication beds are as rich as those
below. Thickness estimated__ 25
NI
Dark brown siltstone and
calcareous siltstone ______________
3

o
o

P 2 0 5 Ca3(P0 4 )2
( Moisture-free
basis)

7.20

Minable
depth
feet

15.72

3In southeastern Idaho and northern Utah the Permian rocks which include the
phosphate beds of the Western Field may be divided into three members, a lower
unit of sandstone with some limestone, a middle unit of phosphatic shale, oolite and
siltstone, and an upper unit of chert, limestone and sandstone. In 1907 Boutwell,
working in the Park City District, Utah, named these three units together the Park
City formation. Later Richards and Mansfield (6) working in southeastern Idaho
decided on the basis of their contained fossils that the three members did not form
a natural unit, but that the lower member belonged with the rocks below it which
were of Pennsylvanian age. They named the two upper members the Phosphoria
formation. When Bulletin 290 was written the senior author believed that the usage
of Richards and Mansfield should be extended to Utah and the term Park City
abandoned. Accordingly, the Permian phosphate-bearing formation is consistently
referred to as the Phosphoria formation. He now believes, however, that the Park
City formation as defined by Boutwell is a natural stfatigraphic unit and since the
name Park City has clear priority of several years over the term Phosphoria, that
it and not "Phosphoria" should be used to designate these rocks. However, since
this is a problem in which the average person concerned with phosphate will have
little interest, the nomenclature of Bulletin 290 has been followed throughout this
paper, except at this point, where accuracy forbids its use.

13

PHOSPHA TE RESERVES OF UTAH
Designation
of bed
NH

NG
NF
NE
ND
NC
NB
NA

Description
Three thicker beds and two
intervals of thin-bedded
oolite. A 2-inch bed of brown
shale 6 inches from top.
Shale not included in sample
Dark brownish gray calcareous siltstone __________________________
Oolite and oolitic siltstone____
Dark brown calcareous siltstone and shale _________ _____________
Oolite, dark gray ____________________
Brown, calcareous siltstone____
Black oolite ______________________________

Black shale, siltstone and calcareous siltstone in beds up
to 8 inches thick. Some beds
somewhat oolitic _____ _______ ________
South side canyon
35-foot interval barren of phosphate
rock. Light gray calcareous sandstone
and fuscous black siltstone.
SA
Oolite ------_._----------------------------.
540-foot interval barren of phosphate
rock. Light to dark gray siltstones, limestones and sandstones.
Fuscous black shale ________________
SB
TotaL _________

Thickness
in.
ft.

P 2 0 5 Caa (P0 4 )2
( Moisture-free
basis)

2

0

13.20

28.82

1

6
7

1.85
12.37

4.04
27.02

1

4
5
12
8

5.70
14.84
6.97
14.77

12.45
32.40
15.22
32.24

0

14.72

32.14

12

14.08

30.74

8

0

12.50

27.30

49

6

5

Minable
depth
feet

l

230

These results show that the best rock in the area is at the base of the
phosphatic shale member of the Phosphoria formation, as is generally
the case at other localities. Here there are 5 feet 8 inches of rock
(beds N A and NB) that average 32 percent tricalcium phosphate.
According to the rules laid down above, these beds would be minable
to a depth of 230 feet. Since rock below 40 percent is not being considered in the estimates, however, no tonnage computation is attempted.
The 8-foot bed (SB) lowest in position in the formation runs high at
27 percent for shale, but the locality will be of no importance until
rock of 30 percent grade becomes of value.
As shown in fig. 2, the outcrop of the Phosphoria formation extends
both north and south of the canyon for several miles. Northward it
follows along the valley of Dry Creek, and southward it cuts across
the heads of several small tributaries to the main canyon, including
Tunnel Hollow. The writers did not follow the outcrops beyond the
walls of the main canyon because the poor showing made there did not
justify additional sampling and analyses for the area. It is probable,
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Fig. 2. Phosphate outcrops in Cottonwood-Park City-Midway areas

however, in view of the leanness of the formation throughout the area,
that the data recorded above give a fair test for this outcrop . .
No phosphate rock of grade better than 32 percent crops out in
Morgan County.

Salt Lake County

T

HE outcrop of the Phosphoria formation in this country' lies in Mill
Creek Canyon and upper Big Cottonwood Canyon and across the
intervening divide (see fig. 2). It is continuous from a point southeast of
the head of Willow Creek in NEll i sec. 22 T2S R3E, across the divide
at Little Water P eak in SE~~ sec. 5 T2S R3E and down Mill Creek
Canyon to the vVasatch fault in NEl,4 sec. 36 TIS R IE. The phos-

IS
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phatic shale member of the Brazer formation is not developed in Big
Co'ttonwood Canyon, and the formation is c~t out in Mill Creek Canyon
by a large overthrust fault.
Two sections of the phosphatic shale member of the Phosphoria
formation were obtained between the head of Big Cottonwood Canyon,
where the outcrop terminates under glacial debris not far from the
edge of the intrusive igneous bodies, and the mouth of Mill Creek
Canyon. One was taken on the ridge between Beartrap Fork and
Mule Hollow in upper Big Cottonwood Canyon, SEl~ SEl~ sec. 16
T2S R3E. This is the ridge just east of "Section Ridge" (3, p. 50)
t ype locality for the Park City formation . The other was measured
at the mouth of Mill Creek Can) on on the north slope, NW~ sec.
31 TIS R2E. Following are the results:
Section of the phosphatic shale member of the Phosphoria formation on the ridge
between Beartrap Fork and Mule Hollow in upper Big Cottonwood Canyon
SElj4 SElj4 sec. 16 T2S R3E SLB &: M
Strike N 38 0 W, Dip 45 0 NE
U.S.A.C. locality no. 45
Design ation
of bed

M
L

IK
IJ

II

IH
G

F

E
D

C
B

A

Descrip tion

Thickness
ft.
in.

Buff and tan fine grained
sandstone _______________________________ _ 6
Medium to dark gray platy
siltstone ___________________________________ _ 10
Black cherty shale _________________ _ 3
Brown silty shale _________________ _
Bla c k phosphatic shale
somewhat cherty ___________________ _ 1
Brownish black phosphatic
shale _______________________________________ _ 2
Brownish black phosphatic
shale and siltstone containing some black chert and
cherty geodes __________________________ 18
Dark gray and brownish
gray siltstone con taining
black chert and calcareous
geodes _____________________________________ _ 1
Black chert ______________________________ 2
Dark gray siltstone ______________ __ 1
Cherty phosphate, black, with
small white specks _________________ _ 1
Speckled gray medium to
coa rse grained arkosic sandstone co ntaining small nodules of chert and probably
so me phosphate ___________________ ___ 2
Olive brown sandstone containing tiny lentils of black
chert _______________________________________ _
TotaL _________

51

P 20 5 Ca a CP0 4 )2
CMoisture-free
basis)

8
7
0
6

3.79
2.35

8.28
5.13

0

5.35

11.68

11

1.20

2.61

5

3.63

7.94

15.90

34.72

8
4
3
0

6

10

Minable
depth
feet
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Section of the phosphatic shale member of the Phosphoria formation near the
mouth of Mill Creek Canyon on the north slope at the level of the aqueduct
NW 1/ 4 sec. 31 TIS R2E SLB Be M
Strike N 45° W, Dip 44° NE
U.S.A.C. locality no. 133
Designation
of bed

P

o
N
M
L
K
J
I
H
G

F

E

D

C

B
A

Description

Thickness
ft.
in.

Oolite phosphate, lower 3
inches disintegrates readily,
calcite high ___________________________ _
Gray limestone containing
stringers of oolitic phosphate
near top _________________________________ _ 7
Mouse gray siltstone containing black cherL_______ ___________ ___ 19
Oolitic phosphate ____ _____________ _
Mouse gray siltston e containing some chert ____ .___.__ .__ .. _.. _..._ 2
Pisolitic phosphate __ .._._. _______ _
Mouse gray siltston e ____.. _____ .__ 1
Brown siltstone containing
phosphatic pisolites ____ .. ________
Brown siltstone poor in
phosphate ________________ .. ____ ... _._ .. __
Silty pisolitic phosphate ...___ ._
Much brecciated gray arenaceous limestone containing
dark grey chert with thin
stringers of oolitic phosphate
6
near top ________ .. __ ._.. _...____...___ ..._._
Mostly mouse gray siltstone
with some black siltstone
weathering mouse gray near
base __ .. _________ ._.... _. ____ ._..________... __ 15
Oolitic and pisolitic phosphate, somewhat sandy, includin g a three in ch bed of
sandstone containing a few
oolites, nine inches from base
Medium gray fin e grained
cal careous sandston e containing a small stringer of oolitic
phosphate __ ._.___ .. _________ .____ ._____ ..
Oolite phosphate somewh at
cherty and mu ch brecci ated __
Dark to li ght gray much
br:ecciated quartzite _____.._. __ .__

14.88

32.43

12.91

28.19

2V2
1

14.89

32.53

2

13.71

29.94

6
2

12.53

27.35

10.35

22.60

12.18

26.61

6

o
5

o

6

o

o
1

2

TotaL.__ ._____ 61

Minable
depth
feet

o

6

5

P 20 5 CaS( P0 4 )2
(Moisture-free
basis )

o
1 V2

Inspection of these data show that there is no bed in eith er section
better than C of the Cottonwood Canyon locality. This bed runs 35
p ercent tricalcium phosphate, but is only 1 foot thick. In the Mill
Creek section several samples approach or slightly exceed 30 p ercent,
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but all are from beds only a few inches thick. As far as our basis of
estimating reserves is concerned, there is nothing to report from this
area.
In Bulletin 290 a preliminary estimate of Salt Lake County's reserve was based upon ~ measurement first r eported by Boutwell, and
r estated by Schultz. Boutwell r eported that a specimen from the Silver
King mine assayed 32.6 p ercent P 2 0 5 or 71 p ercent tricalcium phosphate. What thickness in the section it represented was not stated and
it was probably a hand-picked sp ecimen. He furth er wrote that the
phosphate bed was about 3 feet thi ck. This was abstracted in Schultz 's
paper as a 3-foot bed of 71 p ercent rock. With no other data on Salt
Lake County available, the senior author made this the basis of estimating 9,000,000 tons of 60 p ercent rock in Salt Lake County as a
first approximation.
With only two t ests along some t en miles of outcrop, any general
statement must be temper ed, but it is highly probable that these two
tests represent fairl y well th e nature of the phosphatic shale member
through the area, and that it contains nothing better than thin beds of
30 to 35 percent rock.

Western Summit County
Park City District

T

HE principal structure of th e Park City District is that of a broad
anti clin e with axis trending north-south and plung ing gently northward (3) . The W eber formation occupies the central area of the Park
City arch, as it is called , and the outcrop of the Phosphoria formation
( whi ch li es upon the W eber ) makes a V-shaped pattern about th e
town of Park City . This pattern is not entire, however , owing to the
presence of numerous faults and the fillin g of alluvial material that
covers th e floors of the principal valleys . It is broken into three separate small areas, one of which lies west of the town, one north east,
and one east as shown in fig. 2. The west ern patch lies in Nigger
Hollow, the next hollow west of the canyon in which Park City is
located, extending northward from a p eak in SE1,4 SE1,4 sec. 20 T2S
R 4E to the northern end _of the town. The northeastern patch lies
along the south side of Shippen Valley between the west end of Richardson's Flat and the spur just east of the northern extremity of Park
City in SE1,4 NE 1,4 sec. 9 T2S R 4E , and the eastern patch follow s
approximately the boundary between sees. 14 and 15, T2S R 4E , across
the head of Deer Valley.
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The phosphate area west of Park City was sampled in the Silver
King Mine 4 as follows:
Section of the phosphatic shale member of the Phosphoria formation in West End
shaft at the 1300 foot level of the Silver King Mine, SW of Park City, Utah
in T2S R4E SLB &. M, strike N 50° E, dip 22° NW
U.S.A.C. locality no. 129
Designation
of bed

M
L
K

J

H
G

F
E

D

C
B
A

Description
Compact dark gray to black
siltstone _______________________ _____________
Dark neutral gray calcareous
siltstone ____________ __________ ______________
Fus cous bla c k calcareous
sil tstone _____ _______________________________
Fuscous black soft calcareous
siltstone ____________________________________
Black shale and dark gray
fine grained calcareous sandstone ___ .__________ ._________________________
Black shale and siltstone WIth
some dark gray calcareo us
fine grained sandstone__________
Black shale with some dark
gray fine grained calcareous
sandstone _____ .__ .__ .. __ ._. ________ .. ____
Dark gray calcareous siltstone, fine grained c;andstone
and black shale ____ .. ___... _______ .__
Fine grained calcareous sandstone, siltstone and black
shale with a few scattered
oolites __ ...... __ .____ ... __ ._ .. _____ .. __ .____
Dark neutral gray fine
grained calcareous sandstone
and black shale .. __.. ______ .. ________
Fine grained dark neutral
gray partly calcareous sandstone .________ ___________________... _________
Fine grained dark neutral
gray calcareous san ds tone
with a little black hale _____ .
Dark neutral gray calcareous
sandstone with a little black
shale .._... __ ._.... __ ._ ... ___ .. __ ... _. _____ ..
TotaL. _____ ...

Thickness
ft.
in.

P 20 5 Ca a (P0 4)2
( Moisture-free
basis)

2

o

1.88

4.10

3

6

0.98

2.15

2

o

2.03

4.43

2

o

3.06

6.68

3

o

3.06

6.69

3

o

6.53

14.26

3

o

3.32

7.24

4

o

4.85

10.06

2

6

12.37

27.01

4

o

16.50

36.03

1

6

12.26

26.76

1

3

12.00

26.20

11

9.88

21.58

32

Minable
depth
feet

450

8

In parts of this section the shale beds were badly mashed and
crumpled, so that the thicknesses were not wholly reliable. The only
bed worth y of attention is D, which is 4 feet thick and has a grade
4Through the courtesy of M. G. Heitzman, manager of operations and H. W.
Heckt, engineer.
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of 86 percent. The beds immediately above and below it approach bed
D in quality. This bed would be minable to a depth of 4 50 feet according to the conventions that have been adopted, but since rock below
40 percent grade is not included in the final esimates, this adds nothing
to the total.
No place was fOlmd in the strip ea st of Park City where th e phosphatic shale member could be sampled, but three short tunnels have
been driven into the phosphate beds along the south s ide of Shippen
Valley 5 . Of the two westernmost, one was driven into a northwardfacing slope, the other into an eastward-facing slope in the side of a
shallow r e-entrant in the southern boundary of Shippen Valley. Th e
former gave the following partial section of the phosphatic shale member of the Phosphoria form ation :
Partial section of the phosphatic shale member of the Phosphoria fonnation
due east of Park City road fork in NWl/4 sec. 10 T2S R4E
SLB & M, strike N 45 ° E, dip 60° NW
U.S.A.C. locality no. 130
Designation
of bed
E
D
C
B
A

Description
Phosphatic oolite _____ ____________ _
Brown shale and mud ton e____
Silicified oolite _____________________ _
Oolite with silicified oolite
near top, shale parting at top

2

6
0
6

P 2 0 S C a3( P04)~
( Moistur·e-free
basis)
14.96
32.66
11.15
24.34
15.88
34.68

2

4

15.34

33.50

6

14.14

30.87

Thickness
ft.
in.

Phosphatic shale and ooliti c
sandstone _______________________________ _
TotaL _________
Sandston e at base.

5

Minable
depth
feet

250

10

This tunnel is op en ed at the base of th e phosphatic shale member
and thoug h the whole 6 feet exposed would average n ear 80 p ercent,
this is apparently the best thi s strip of outcrop affords. Bed s A, B,
and C taken togeth er constitute 8 f eet 4 inches of rock a veraging about
88 p er cent. This is similar to bed D in the Silver King section with
4 f eet of 36 p er cent rock.
In summary it may be said that th e Park City Distri ct contains
no phosphate rock as good as 40 p ercent, although it could supply a
considerable tonnage of 80 p ercent rock, were it ever of economic value.
The other outcrop area of th e Phosphoria formation in western
Summit County, along th e upper W eber River was di scussed in Bulletin 290.
5The two westernmo t of th ese, at the time of th e writers' visit to the area, were
said to belong to Harry Barnicott of Salt Lake City.
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Wasatch County

W

ASATCH County has at least two outcrops of phosphate-bearing
beds, one north of Midway, the other west of Midway (see fig. 2).
There is a possibility that others may exist in the vicinity of Wallsburg, in line with those farther south on Hobble Creek in Utah County,
but this is the area the writers were · unable to explore.
West of Midway the Phosphoria formation crops out near the crest
of the divide between the heads of Lime, Sids and Faucett Canyons
and the upper valley of Deer Creek. The westernmost exposure is in
Deer Creek Canyon, just west of the township boundary, where the
beds terminate against a N -S fault zone that lies west of the creek at
this point. In SW1i4 SW1i4 of sec. ao, TaS R4E the phosphatic shale
member is exposed at the creek where it strikes E-W and dips 14°
south. From this point the outcrop rises toward the northeast and
crosses the divide at the head of Lime Canyon, from which point it
bears southeastward across the heads of Sids and Faucett Canyons,
not far below the crest of the divide. Here the beds dip gently toward
the southeast with the result that in places the ridge tops are dip slopes,
and on the ridge between the forks of Sids Canyon a wide area is
covered with pieces of phosphatic chert. Between the two small tributaries at the head of Faucett Canyon a pit has been dug in the phosphatic shale member, providing the partial section reported below. A
short distance southeast of this prospect the outcrop passes beneath,
or is terminated at the edge of the alluvial fill in Provo Valley.
Partial section of phosphatic shale member of Phosphoria formation
west of Midway, Utah, W~2 sec. 32 T3S R4E SLB & M
Strike N 82° E, dip 6 0 S
U.S.A.C. locality no. 128

Designation
of bed
E
D
C
B
A

Descrip tion

Thickness
ft.
in.

Phosphatic mudstone with
two 3·inch beds of phos·
phatic shale ............................
Phosphatic shale ................... .
Oolite phosphate ................... .
Phosphate shale ......................
Oolite phosphate ................... .

1
1

3
2
0

TotaL ........ .

5

11

3

P 2 0 S Ca3(P04 )2
( Moisture·free
basis)

Minable
depth
feet

0
6

12.70

27.73

There is little doubt that this tunnel, dug at the base of the phosphatic shale member, exposes the best rock in the area. This is 6 feet
of oolite and shale that averages about 28 percent tricalcium phosphate.
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In the area north of Midway (see fig. 2) a pit near the east boundary of sec. 22, TaS R 4E exposed a basal bed of oolite a feet 6 inches
thick that ran 58 p ercent tricalcium phosphate. The outcrop belt on
which this was located extends northeastward and northward about 4
miles where it is terminated by a fault at Cottonwood Creek. Traced
as far as Dutch Hollow, no further opportunity appeared to sample
the phosphate bearing member and this single analysis and measurement must serve.
In Bulletin 290 Wasatch County is credited with 8 million tons
of 60 percent rock on the assumption that the outcrop north of Midway
is continuous for three miles and that the area west of the town would
provide at least 1 V2 miles of outcrop of a a-foot bed of 60 percent
rock. Since the outcrop to the north is nearly that long alone, we may
leave the figure for the county at the same value, although the area
to the west adds nothing. Even this is very risky, since the outcrop
north of Midway now stands as the only spot east of Whiterocks River,
south of the Crawford MOlmtains and north of Hobble Creek that
shows anything better than 40 p ercent.

Revised Tonnage Estimates by Areas
(Including only rock down to 40 percent grade)
Area

Quality of rock
Percent Caa (P0 4 )

Uintah County
Whiterocks River ____________________
Dry Fork-Brush Creek__________
Dry Fork-Brush CreeL________
Split Mountain _______________________ _
Duchesne County _____________ ____________ _
Daggett County _____________________ _________
Cache County ________________________________

44
40
50

50

Rich County
Laketown __________________________________ 70
Crawford Mountains ______________ 70
Woodruff Creek ______________________

2

Reserve in
long tons

7,430,000
1,100,000,000
400,000,000
None
None
109,000,000
None
6,750,000
60,000,000
None

Nature of Reference
estimate to footnotes
S
S
S
SR
S
S
S
S
S
S

Weber County
Dry Bread Hollow ___________________ _
Sheepherd Creek ______ _____________ _

None
None

S
S

Morgan County
Weber Canyon ____________ ______________
Salt Lake County _________________________ _

None
None

S
S

Wasatch County
North of Midway_______________ _______ 60
West of Midway________________ _______ _

8,000,000
None

S
S

Summit County
Upper Weber RiveL ________ _______ _
Park City DistricL __________________ _
Burnt Fork ______________________________ 50

None
None
10,000,000

S
S
P

a

b
b

22

UTAH EXPERIMENT STATION BULLETIN NO. 304
Area

Nature of Reference
estimate to footnotes

Quality of rock
Reserve in
Percent Ca3(P04) 2 long tons

Utah County
Right Fork Hobble CreeL .... 40
Little Diamond ___ ..................... 55
Between Right Fork
Hobble Creek and Round
Valley ......__ ... ___ ... _... ______.__ .... ?

P
P

Very small
1,300,000

c

d

U

?

Nature of estimate:
S-satisfactory for purpose of this paper.
SR-fairly satisfactory.
P- first approximation only.
U-no basis for even a preliminary estimate.
Notes:
a-Further study of Diamond Mt. -Island Park outcrop desirable.
b- Estimates by Gale and Richards, U. S. Geological Survey. Bu!. 430. 1910.
c-Further information on linear extent of outcrop necessary.
d- Very preliminary estimate by senio r author.
e-No information on possible outcrops in this area available.

Revised Tonnage Estimates by Counties
(Including only rock down to 40 percent grade)

Quality
percent

County
Rich __....................................................................................
Wasatch ..............................................................................
Utah .......................................................... ........................... .
Daggett and Eastern Summit............................................
Uintah ................................................................................. .
Uintah
Uintah

70
60
55
50
50
44
40

TotaL_........

Tonnage
long tons
66,750,000
8,000,000
1,300,000
119,000,000
400,000,000
7,430,000
1,100,000,000
1,702,480,000

Revised Tonnage Estimates by Grade
(Including only rock down to 40 percent grade)
Quality
percent
70 or better_.................................................. ...................................................
60 or better................................................................................................ _.... .
50 or better......................................................................................................
40 or better......................................................................................................

Tonnage
66,750,000
74,750,000
595,050,000
1,702,480,000
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Appendix
Analyses of phosphate rocks by
Phosphate Section, Division of Soil and Fertilizer Investigations,
Bureau of Plant Industry, U. S. Department of Agriculture

( Results are not calculated to the moisture-free basis)
U.S.A.C.
locality no.
and bed

Phosphate
section
no.

L21NA
21NB
21NC
21ND
21NE
21NF
21NG
21NH
21NI
L21SA
21SB
L 45C
45G
451H
4511
4511
451K
L 128
L 129A
129B
129C
129D
129E
129F
129G
L 129H
1291
129J
129K
129L
129M
L 130A
130B
·130C
130D
130E
L 133B
'133D
133G
1331
133K
133M
133P
L 134C
134E
134I

2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2107
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
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Total
P 20 5

Total
ftourine

Moisture
at 105° C.

percent

percent

percent

14.55
14.58
6.88
14.68
5.64
12.26
1.84
13.09
7.12
14.02
12.40
15.86
3.60
1.19
5.32
2.32
3.78
12.53
9.85
11.94
12.20
16.37
12.25
4.82
3.28
6.47
3.04
3.01
2.00
0.98
1.86
14.06
15.24
15.83
10.96
14.82
12.12
10.32
12.48
13.65
14.84
12.86
14.79
5.67
5.50
2.52

1.54
2.65
0.89
2.67
0.71
2.29
0.30
3.09
0.89
2.74
2.55
3.04
0.60
0.27
0.67
0.37
0.52
1.43
1.56
2.30
1.47
1.73
1.30
0.74
0.56
0.82
0.50
0.49
0.32
0.26
0.36
2.76
3.29
3.06
2.18
3.07
2.45
2.27
2.42
1.56
2.87
2.66
2.91
0.75
0.73
0.45

1.14
1.26
1.31
1.07
1.08
0.91
0.45
0.82
1.11
0.40
0.83
0.24
0.96
0.64
0.54
1.20
0.32
1.31
0.34
0.50
0.45
0.78
0.96
0.72
1.10
0.92
0.83
1.57
1.41
0.53
0.89
0.53
0.65
0.31
1.67
0.91
0.53
0.28
0.37
0.46
0.37
0.38
0.40
2.61
3.34
0.99

